The chemical compositions of the essential oils from the peel of ripe and unripe fruits of Hymenaea courbaril L., obtained by hydrodistillation, were analyzed by GC and GC-MS. The main constituents of the essential oil from the peel of the ripe fruits were the sesquiterpenes α-copaene (11.1%), spathulenol (10.1%) and β-selinene (8.2%), while germacrene-D (31.9%), β-caryophyllene (27.1%) and bicyclogermacrene (6.5%) were the major compounds in the oil from unripe fruits. The essential oils were tested against Aedes aegypti larvae and showed LC 50 values of 14.8 ± 0.4 μg/mL and 28.4 ± 0.3 μg/mL for the ripe and unripe fruit peel oils, respectively. From the peel of the ripe fruits, the diterpenes zanzibaric acid and isoozic acid were isolated, along with the sesquiterpene caryolane-1,9β-diol. To the best of our knowledge, this is the first report of this sesquiterpene in the genus. The structures of all compounds isolated were identified on the basis of their spectral data (IR, MS, 1D-and 2D-NMR) and by comparison with literature spectral data.
The genus Hymenaea (Caesalpinoideae) comprises 14 species [1] and is widely distributed from Central to South America, mainly in the Amazon basin [2] . H. courbaril L., known popularly as "jatobá", is useful for its timber and has been employed in folk medicine as an anodyne, antiseptic, astringent, expectorant, laxative, purgative, sedative, stimulant, tonic, and vermifuge [3] . Enantio-labdanoic and enantio-halimane type diterpenes have been isolated from H. courbaril [2, [4] [5] [6] [7] [8] [9] [10] [11] [12] , but there is no report of essential oils.
Interest in the control of Aedes aegypti lies in the fact that it acts as a vector of dengue and dengue hemorrhagic fever. Dengue is an endemic disease in most of the countries of the Americas and, over the past twenty years, has shown sustained cycles of outbreaks, every 3 to 5 years, and outbreaks are re-emerging in Brazil [13] . There are no effective vaccines, and vector control is the only way to minimize the transmission of the virus. Plant products have been used against the vectors, and plant-derived products can act as larvicides [14] . Essential oils from plants like Lippia species [15] and Croton zehntneri [16] , and various extracts and compounds [17, 18] have been documented for larvicidal activity towards Aedes aegypti. As part of a continuous research program on plants from northeast Brazil, this work describes the isolation of the diterpenes zanzibaric acid and isoozic acid, and the sesquiterpene caryolane-1,9β-diol from the peel of the ripe fruits of H. courbaril, and the chemical composition of the essential oils from the peel of both ripe and unripe fruits of H. courbaril, as well as the evaluation of these oils for their larvicidal activity against A. aegypti.
Successive chromatographic treatments of the n-hexane extract of the air-dried, ripe, fruit peel of H. courbaril afforded the ent-labdane diterpene zanzibaric acid [19] and the sesquiterpene caryolane-1,9β-diol [20] ; from the ethyl acetate extract, the diterpene isoozic acid was isolated [21] .
The chemical composition of the essential oils from the peel of the ripe and unripe fruits of H. courbaril, including retention index (RI) values listed in order of elution from the DB-5MS column, and the percentage relative to each constituent is presented in Table 1 . From the two analyzed oil samples, a total of 47 compounds were identified, all of which were sesquiterpenes, representing 86.1% and 93.3% of the oils. α-Copaene (11.1%), spathulenol (10.1%), βselinene (8.2%), γ-muurolene (7.9%) and caryophyllene oxide (6.9%) were the major constituents identified in the essential oil from ripe fruit peel (oil A), while germacrene D (31.9%), β-caryophyllene (27.1%), bicyclogermacrene (6.5%), α-humulene (4.2%), and α-copaene (4.2%) were the prevalent compounds in the essential oil from unripe fruit peel (oil B).
The larvicidal potential of the essential oils was evaluated against A. aegypti larvae. The essential oil from the ripe fruit peel (oil A) showed stronger larvicidal activity against third-instar A. aegypti larvae (LC 50 14.8 + 0.4 μg/mL) than the oil from unripe fruit peel (oil B; LC 50 28.4 + 0.3 μg/mL); this can be justified by the higher concentration of oxygenated sesquiterpenes (28.6%), mainly spathulenol [22] , present in the essential oil from mature fruit peel (oil A This study showed the efficacy of the essential oils from the peels of ripe and unripe fruits of H. courbaril against A. aegypti larvae. Furthermore, it may represent a contribution to mosquito control. The isolation of caryolane-1,9β-diol represents the first report of this sesquiterpene in the genus. 
Experimental

Extraction of essential oils:
The ripe (636 g) and unripe fruit peels (940 g) of H. courbaril were triturated and subjected to hydrodistillation in a Clevenger-type apparatus for 2 h to afford 0.27 g (0.042%) and 0.67 g Essential oil and bioactivity of Hymenaea courbaril fruit peel Natural Product Communications Vol. 5 (12) 2010 1979 (0.071%) of pale yellow oils, respectively. The yields (w/w) were calculated based on the fresh weight of the plant materials. The isolated oils, after drying over anhydrous sodium sulfate (0.20 g) and filtration, were stored in sealed glass vials and maintained under refrigeration before analysis. Compound concentrations were calculated from the GC peak areas and they were arranged in order of GC elution.
Identification of individual components of the essential oils was performed by computerized matching of the acquired MS with those stored in NIST21 and NIST22 mass spectral library of the GC/MS data system. Retention indices (RI) for all compounds were determined according to literature [23] for each constituent, as previously described [24] .
Larvicidal bioassay:
Aliquots of the essential oils tested (12.5 to 500 μg/mL) were placed in a beaker (50 mL) and dissolved in DMSO/H 2 O 1.5% (20 mL). Fifty instar III larvae of Aedes aegypti were delivered to each beaker. After 24 h at room temperature, the number of dead larvae was counted and the lethal percentage calculated. A control using DMSO/H 2 O 1.5% was carried out in parallel. For each sample, 3 independent experiments were run [25] .
